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Abstract
Kingella kingae arthritis in children is now mainly diagnosed by
PCR, which has surpassed conventional culture of joint ﬂuid. As
oropharynx colonization is the ﬁrst step of Kingella kingae inva-
sion, we prospectively investigated the possibility of cultivating it
from throat swabs, in children hospitalized for K. kingae arthritis.
Throat culture was 5.6-fold more sensitive than joint ﬂuid cul-
tures in isolating K. kingae (66.7% vs. 11.9% respectively,
p <0.001) and may be used to perform antibiotic susceptibility
testing.
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With the development of current molecular techniques
[1,2], Kingella kingae has now become the primary pathogen
of arthritis in children, especially in those under 3 years of
age [1,2]. Despite optimization of conventional culture [3],
isolation of Kingella kingae rarely succeeds, both in joint ﬂuid
and in blood. Indeed, two out of three cases of K. kingae
arthritis are diagnosed only by molecular methods [4]. Kin-
gella kingae is naturally susceptible to penicillins [4]. There-
fore, the antibiotic therapy of K. kingae infections is most
often conducted without antibiotic susceptibility tests and
the oral therapy is frequently based on aminopenicillin, or
on trimethoprim-sulphamethoxazole or ciproﬂoxacin in the
case of beta-lactam allergy [4,5].
However, beta-lactamase production has been reported
in some isolates [6,7] and sporadic resistance to trimetho-
prim-sulphamethoxazole or ciproﬂoxacin has been also
described [8]. Although clinical and biological features of
osteoarticular infections due to K. kingae are most often
mild [9,10], severe infections have been described, and lack
of targeted antibiotic therapy may worsen the prognosis
[9].
The pathophysiology of K. kingae infection is believed to
begin by colonization of the posterior pharynx, followed by
translocation to the blood [4]. Yagupsky et al. [11] showed
that K. kingae can be isolated from the throat in young
patients with K. kingae invasive disease. Moreover, using
pulsed-ﬁeld gel electrophoresis, these authors demonstrated
that the K. kingae isolates obtained from throat swabs were
identical to those isolated in blood. However, this study was
only performed on three patients with K. kingae invasive
infection [11].
In the present study, we investigated the use of throat
swab cultures to detect K. kingae in a series of children hos-
pitalized for K. kingae septic arthritis diagnosed by PCR. In
addition, in order to determine whether the throat isolate
was responsible for the arthritis, the sequence of the poly-
morphic virulence gene rtxA [12,13] of each pharyngeal iso-
late was compared with that obtained from the
corresponding joint-ﬂuid DNA extract.
In a retrospective analysis, the microbiology laboratory
register was used to identify all patients with K. kingae arthri-
tis diagnosed by positive culture and/or real-time PCR per-
formed on synovial ﬂuid as previously described [1].
After approval by the Institutional Review Board
(IRB00006477), throat swabs were prospectively obtained
from every child <4 years of age hospitalized for septic
arthritis. Specimens were obtained with a rayon-tipped swab
and sent to the laboratory in transport Amies medium with
charcoal (Copan Italia, Brescia, Italy). In the laboratory, the
inoculated swabs were immersed in 1 mL of brain-heart infu-
sion and cultured onto a selective vancomycin-containing
Columbia blood agar (2 mg/L). Plates were incubated aerobi-
cally at 37C in a 5%CO2-enriched atmosphere, and exam-
ined once a day for two consecutive days. Kingella kingae was
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identiﬁed by its typical beta-haemolysis and biochemical
characteristics, negative catalase and positive oxidase, and
then conﬁrmed by real-time PCR [1]. Every child had at the
same time a synovial ﬂuid sample obtained by arthotomy or
arthroscopy during the surgical procedure and each sample
was cultured in a blood culture vial of BacT/Alert 3D system
(Biome´rieux, Craponne, France) as previously described [1].
The susceptibility to various antibiotics was determined as
previously described [8].
In order to determine if K. kingae pharyngeal isolates were
the same strain as that responsible for the septic arthritis,
we compared the sequences of the rtxA gene from the
strains with that obtained from nucleic acid extracts of joint-
ﬂuids. Ampliﬁcation of rtxA (1198 bp) was performed as pre-
viously described by Lehours et al. [13]. Sequencing of the
strands was realized by Beckman–Coulter Genomics (Take-
ley, UK). The relatedness between each rtxA sequence was
shown as a dendrogram, constructed by the Neighbour Join-
ing method using the MEGA3.1 program. To compare pro-
portions we used either the chi-squared test or McNemar’s
test when comparisons concern matched pairs of subjects. A
p-value of <0.05 was considered to denote a signiﬁcant dif-
ference.
Between June 2006 and September 2011, 101 cases of
K. kingae arthritis were diagnosed by real-time-PCR. Only 12
(11.9%) strains of K. kingae were cultivated (11 in joint-ﬂuid
and one in blood culture). In these 12 cases, PCR was also
positive in the synovial ﬂuid. Real-time PCR was 7.4-fold
more sensitive than the synovial or blood culture in our ser-
ies (89 diagnoses vs. 12, respectively).
Between March and September 2011, 13 children were
hospitalized for documented K. kingae arthritis. The mean
age of these patients was 16 months (9–47 months). One
child had received cefpodoxime-proxetil for 1 day before
throat sampling and was therefore excluded from the analy-
sis. Kingella kingae isolates were cultivated in eight out of
the 12 throat samples (66.7%) but in none of the 12 joint
ﬂuids. Consequently, with 66.7% positive cultures, throat
culture was signiﬁcantly more sensitive to cultivation of
K. kingae than joint-ﬂuid or blood cultures in children with
K. kingae arthritis (66.7% vs. 0% in the prospective study,
p 0.01, and 66.7% vs. 11.9% in the retrospective study,
p <0.001).
All of the 20 isolates (12 from the retrospective study and
eight from the prospective study) were susceptible to amin-
openicillins, trimethoprim-sulphamethoxazole and ciproﬂoxa-
cin, and resistant to lincosamid.
We successfully ampliﬁed and sequenced the rtxA gene
from the eight K. kingae strains cultivated in throats, but only
from six corresponding joint-ﬂuid K. Kingae nucleic acid
extracts. Therefore six ‘couples of rtxA sequences’ were
obtained for analysis. The rtxA sequence of the strains and
their corresponding joint-ﬂuid DNA were identical for the six
available couples. Overall, ﬁve different alleles were observed
(Fig. 1). This result strongly suggests that in each case the
throat-isolated strain was responsible for the arthritis.
Finding that two-thirds of the patients with K. kingae
arthritis had positive culture in the throat, our study pro-
vides a new argument for the hypothesis of dissemination of
K. kingae from the throat into the bloodstream. The simulta-
neous presence in the oropharynx of different clones of
K. kingae may exist, and remains to be explored. In six chil-
dren, comparison of rtxA sequences allowed us to conﬁ-
dently incriminate the throat isolate as the pathogen that
caused the septic arthritis. However, we cannot rule out that
polyclonality of K. kingae may exist in the throat of an indi-
vidual and further studies should be performed with this aim.
Unfortunately, ampliﬁcation of two joint-ﬂuid DNA extracts
was not satisfactory, probably due to the low quantity of
DNA present in joint ﬂuid and the large ampliﬁcation prod-
uct (1198 bp). Nonetheless, our study highlights the possibil-
ity of isolating the K. kingae strain responsible for the
arthritis using throat swabs with signiﬁcant effectiveness. The
culture of K. kingae in the throat appeared to be 5.6-fold
more sensitive than joint-ﬂuid or blood cultures from our
retrospective cases (66.7% vs. 11.9%, respectively). These
throat cultures allowed determination of the antibiotic sus-
ceptibility of invasive K. kingae strains and, in the future,
might help to adapt antibiotic therapy in the case of emer-
gence of penicillin resistance or in the case of beta-lactam
allergy.
FIG. 1. Genetic relatedness of rtxA gene sequences. Sequences were
obtained from six Kingella kingae strains (s) isolated in the throat of
children hospitalized for septic arthritis, and from their respective
joint-ﬂuid DNA extracts (jf). The dendrogram was constructed by
the Neighbour Joining method using the MEGA 3.1 program. rtxA
sequence of type strain ATCC 23330 is included for comparison.
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